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OBJECT EXTRACTION 

COPYRIGHT NOTICE 

A portion of the disclosure of this patent document 
contains material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Of?ce patent 
?les or records, but otherWise reserves all copyright rights 
Whatsoever. 

BACKGROUND 

1. Field of the Invention 
The invention is generally related to digital image pro 

cessing, and, in particular, is related to extracting objects 
from a ?rst sequence of frames and using the extracted 
objects to create a neW sequence of frames. 

2. Description of Related Art 
Video cameras are becoming more popular today, as they 

become more Widely available, at loWer prices. A video 
camera records sequential images Within “frames.” A frame 
is a representation of an image at an instant of time. 
Typically, each frame represents the image at a different 
instant in time. When several frames are recorded, at sequen 
tial instances in time, and are shoWn to the human eye in 
quick succession, the human eye is able to see motion in the 
video sequence (e.g., a sequence of frames). For example, 
video (i.e., moving pictures) normally consists of motion, 
including object motion, such as a bird ?ying, and camera 
motion, such as camera panning, Zooming, and tilting. 

Video object segmentation refers to identifying objects, 
Which may be moving, through frames of a video sequence. 
Ef?cient video object segmentation is an important topic for 
video processing. General video object segmentation is 
considered to be an ill-posed problem. An ill-posed problem 
is one that, theoretically, cannot be solved. For example, a 
tWo-dimensional photograph does not contain three-dimen 
sional information (i.e., the three-dimensional information is 
lost When a tWo-dimensional photograph is taken of a 
three-dimensional scene). Therefore, converting a tWo-di 
mensional photograph to a three-dimensional image is con 
sidered to be an ill-posed problem. Likewise, segmenting 
objects in frames of a video sequence is considered to be an 
ill-posed problem. In particular, the object of interest may be 
different for the same scene depending on the user or the 
application. Automatic segmentation is therefore a problem 
Without a general solution. 

Real-time automatic segmentation techniques for speci?c 
applications, hoWever, have been attempted. These tech 
niques are directed to applications such as video surveil 
lance, traf?c monitoring, and video-conferencing. Video 
sequences in these applications are typically taken from 
?xed cameras in poor environments and are in need of robust 
object segmentation techniques. 

For more information on video surveillance applications, 
see Ismail Haritaoglu, David HarWood, and Larry S. Davis, 
“W4: Who? When? Where? What’? A Real Time System for 
Detecting and Tracking People,” presented at Proceedings of 
the Third International Conference on Automatic Face and 
Gesture Recognition (FG’98), pp. 1*6, April 1998, and, Paul 
L. Rosin, “Thresholding for Change Detection,” presented at 
Proceedings of International Conference on Computer 
Vision, pp. 1*6, 1998, each of Which is entirely incorporated 
by reference herein. 
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2 
For more information on video surveillance applications, 

see Nir Friedman and Stuart Russell, “Image Segmentation 
in Video Sequences: A Probabilistic Approach,” presented at 
Proceedings of the 13th Conference on Uncertainty in 
Arti?cial Intelligence, Morgan Kaufmann, pp. 1e13, 1997, 
Which is entirely incorporated by reference herein. 
A typical approach to extracting objects from a static 

background scene subtracts the background scene and label 
ing What remains as objects. The main idea of background 
subtraction is comparing a current frame With a reference 
background scene according to certain criteria. The back 
ground scene may be obtained, for example, by capturing a 
static scene With a video camera. Elements different from the 
background scene are designated as foreground objects. 
A number of systems performing video object segmenta 

tion use background subtraction techniques. HoWever, many 
background subtraction techniques are sensitive to shadoWs 
or illumination changes, and so they are unable to accurately 
extract objects. ShadoWs occur When a light source on a 
scene is obstructed. Illumination refers to the amount of 
source light on a scene. Both shadoW and illumination may 
change frame to frame due to, for example, movement of 
objects. Thus, these background subtraction techniques may 
incorrectly classify a pixel that is in the background in a ?rst 
frame, but in shadoW in a second frame, as a foreground 
pixel. 

For more information on background subtraction see, N. 
Friedman, and S. Russell, “Image Segmentation in Video 
Sequences: A Probabilistic Approach,” Proceedings of the 
13th Conference on Uncertainty in Arti?cial Intelligence, 
Morgan Kaufmann, 1997; Thanarat Horprasert, David Har 
Wood. and Larry S. Davis, “A Statistical Approach for 
Real-time Robust Background Subtraction and ShadoW 
Detection,” presented at Proc. IEEE ICCV’99 FRAME 
RATE Workshop, Kerkyra, Greece, pp. 1e19, September 
1999 (hereinafter referred to as “Horprasert”); Alexandre R. 
J. Francois and Gerard G. Medioni, “Adaptive Color Back 
ground Modeling for Real-Time Segmentation of Video 
Streams,” presented at Proc. of International on Imaging 
Science, System, and Technology, pp. 1*6, 1999 (hereinafter 
referred to as “Francois”); and, Ahmed Elgammal, David 
HarWood, Larry Davis, “Non-parametric Model for Back 
ground Subtraction,” presented at FRAME-RATE: Framer 
ate Applications, Methods and Experiences With Regularly 
Available Technology and Equipment, Corfu, Greece, pp. 
1*17, Sep. 21, 1999; each of Which is entirely incorporated 
by reference herein. 

In some cases, objects are segmented in color spaces other 
than the RGB color space. For example, Wren detects 
changes in a YUV color space. For further information, see 
Christopher Wren, Ali AZarbayejani, Trevor Darrell, and 
Alex Pentland, “PFinder: Real-Time Tracking of the Human 
Body,” presented at IEEE Transaction on Pattern Analysis 
and Machine Intelligence, pp. 1*7, 1997 (hereinafter 
referred to as “Wren”) Which is entirely incorporated herein 
by reference. The YUV color space is de?ned by the 
Commission International de L’Eclairage (CIE), Which is an 
international committee for color standards. The YUV color 
space may be used, for example, in Phase Altemation Line 
(PAL) television (an analog television display standard), 
Where the luminance (i.e., a measure of the amount of energy 
an observer perceives from a light source) and the chromi 
nance (i.e., hue and saturation together) are treated as 
separate components. In YUV systems, a luminance signal 
is represented With “Y”, While chrominance signals are 
represented by “U” and “V.” 
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Horprasert uses a color model consisting of brightness 
distortion and chromaticity distortion to present a color 
image. Both Wren and Horprasert overcome this problem to 
some extent but are not as robust as expected (i.e., they fail 
to segment objects under some conditions). Francois pro 
poses to perform segmentation in an HSV color space, but 
because of improper use of hue and saturation components, 
Francois also runs unsteadily (i.e., sometimes classi?es 
pixels incorrectly). The HSV color space refers to hue, 
saturation, and value. Hue refers to a pure color as perceived 
by the human eye (e.g., red, green, or blue). Hue identi?es 
the color and indicates Where along the color spectrum the 
color lies. This value Wraps around so that the extreme high 
value (White) and the extreme loW value (black) translate 
into the same value on the color scale. Saturation refers to 
the amount of White light mixed in With hue. That is, 
saturation may be thought of as hoW pure a color is. Greater 
values (i.e., more White) in the saturation channel make the 
color appear stronger, While loWer values (i.e., less White, 
tending to black) make the color appear very Washed out. 
Value refers to hoW bright the color is. White values have the 
maximum brightness, While black values have little or no 
brightness at all. 

SUMMARY 

A sequence of frames is processed to extract one or more 
objects from the sequence and to integrate the extracted 
objects into a neW sequence. The neW sequence may include 
a neW background and/or an audio recording. 

According to some embodiments of the invention, a 
foreground object is segmented from a background. When a 
value component of a pixel in a non-static frame exceeds a 
mean value of the value component for the pixel across 
multiple frames by a ?rst value, the pixel is classi?ed as 
foreground. When the pixel is in shadoW, the pixel is 
classi?ed as background. When the pixel is under different 
illumination and each usable component of the pixel exceeds 
a mean value of that component by a second value, the pixel 
is classi?ed as background. OtherWise, the pixel is classi?ed 
as foreground. 

According to another embodiment, a sequence of frames 
is processed. One or more objects are extracted from a frame 
by classifying each pixel of the frame as being background 
or foreground based on a statistical model of a background 
in the frame, a type model of each pixel, shadoW conditions, 
and illumination conditions. A neW background is selected, 
and an audio recording is selected. The extracted objects are 
integrated With the neW background and audio recording. 

According to yet another embodiment, a computer 
includes a memory, a sequence of frames stored in the 
memory, and a computer program executable by the com 
puter. The computer program comprises instructions for: (a) 
When a value component of a pixel in a non-static frame 
exceeds a mean value of the value component for the pixel 
across multiple frames by a ?rst value, classify the pixel as 
foreground, (b) When the pixel is in shadoW, classify the 
pixel as background, (c) When the pixel is under different 
illumination and each usable component of the pixel exceeds 
a mean value of that component by a second value, classify 
the pixel as background, and (d) When the pixel is not 
classi?ed by acts (a), (b), or (c), classify the pixel as 
foreground. 

According to a further embodiment of the invention, a 
system comprises means for extracting one or more objects 
from a frame by classifying each pixel of the frame as being 
background or foreground based on a statistical model of a 
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4 
background in the frame, a type model of each pixel, shadoW 
conditions, and illumination conditions. The system also 
comprises means for selecting a neW background, means for 
selecting an audio recording, and means for integrating the 
extracted objects With the neW background and audio 
recording. 

According to another embodiment of the invention, a 
computer readable storage medium is encoded With a com 
puter program executable by a computer. The computer 
program comprises instructions for: 

(a) When a value component of a pixel in a non-static 
frame exceeds a mean value of the value component for 
the pixel across multiple frames by a ?rst value, clas 
sifying the pixel as foreground, (b) When the pixel is in 
shadoW, classifying the pixel as background, (c) When 
the pixel is under different illumination and each usable 
component of the pixel exceeds a mean value of that 
component by a second value, classifying the pixel as 
background, and (d) When the pixel is not classi?ed by 
acts (a), (b), or (c), classifying the pixel as foreground. 

According to yet another embodiment of the invention, a 
computer readable storage medium encoded With a com 
puter program executable by a computer. The computer 
program comprises instructions for extracting one or more 
objects from a frame by classifying each pixel of the frame 
as being background or foreground based on a statistical 
model of a background in the frame, a type model of each 
pixel, shadoW conditions, and illumination conditions. The 
computer program further comprises instructions for select 
ing a neW background, selecting an audio recording, and 
integrating the extracted objects With the neW background 
and audio recording. 
The invention is better understood upon consideration of 

the detailed description beloW, and the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application ?le contains at least one draWing 
executed in color. Copies of this patent or patent application 
publication With color draWings Will be provided by the 
O?ice upon request and payment of the necessary fee. 

FIG. 1 is a block diagram that illustrates components of 
a system that may be used in some embodiments of the 
invention. 

FIG. 2 is a How diagram that illustrates processing of a 
video sequence in some embodiments of the invention. 

FIGS. 3A and 3B illustrate a static frame and a non-static 
frame, respectively, in some embodiments of the invention. 

FIGS. 4A and 4B are How diagrams that illustrate object 
extraction processing in some embodiments of the inven 
tion. 

FIGS. 5A, 5B, and 5C illustrate several color spaces that 
may be used in embodiments of the invention. 

FIG. 6 illustrates a chart that shoWs the characteristic of 
hue (H), saturation (S), and value (V) components over time 
for shadoWs in some embodiments of the invention. 

FIGS. 7A, 7B, 7C, and 7D illustrate the relationship 
betWeen standard deviation and background scene in some 
embodiments of the invention. 

FIGS. 8A and 8B illustrate a type image of the back 
ground scene in FIG. 7A in some embodiments of the 
invention. 

FIG. 9 illustrates a video sequence captured outdoors in 
some embodiments of the invention. 

FIG. 10 illustrates post-processing of a video sequence in 
some embodiments of the invention. 
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FIG. 11 illustrates a result of applying the object extrac 
tion system to a standard MPEG test video sequence in some 
embodiments of the invention. 

FIG. 12 is a How diagram that illustrates creation of a neW 
video sequence in some embodiments of the invention. 

FIG. 13 illustrates a user interface that shoWs the output 
of the object extraction system in some embodiments of the 
invention. 
Use of the same reference symbols in different ?gures 

indicates similar or identical items. 

DETAILED DESCRIPTION 

In accordance With some embodiments of the invention, 
a computer programmed With software (referred to herein as 
“object extraction system”) processes a sequence of frames 
to extract one or more objects. The extracted objects are used 
to create a neW sequence of frames With a neW background 
and/or audio added. In particular, a user is able to select a 
background and an audio recording. Alternatively, the object 
extraction system automatically selects a background and 
audio recording. The extracted objects are integrated into the 
selected background With the audio recording to form a neW 
sequence. 

In some embodiments, the object extraction system pro 
vides object segmentation for video sequences captured With 
a ?xed camera. The object extraction system is capable of 
using information of color images based on the color char 
acteristics of background surfaces. Furthermore, the object 
extraction system is capable of detecting changes With 
multiple criteria and under varying shadoW and illumination 
conditions. In alternative embodiments, the camera need not 
be ?xed. 

FIG. 1 is a block diagram that illustrates components of 
a system that may be used in some embodiments of the 
invention. In some embodiments, a video camera 100 
records one or more ?xed and/or moving objects 110. The 
video camera 100 may be in motion. The video camera 100 
includes data storage that stores the video sequence. The 
video sequence is transferred to a computer 120, Which 
includes a object extraction system 130 stored, for example, 
on a hard drive of the computer 120 or a CD-ROM (compact 
disc-read only memory) inserted into the CD-ROM drive of 
the computer 120. In other embodiments, the object extrac 
tion system 130 may be implemented as a hardWare object 
extraction system or as a combination of hardWare and 
softWare. 

In some embodiments, the video camera 100 is a digital 
video camera. Digital video cameras offer many advantages. 
For example, digital images are easier to manipulate and 
easier to distribute over electronic media (e.g., the Internet 
or e-mail). In some embodiments, the video camera 100 is 
an analog video camera using ?lm to record images. The 
?lm can be converted to digital images for processing With 
the object extraction system 130. Moreover, in some 
embodiments, a still picture camera, rather than video cam 
era 100, is used to take a series of pictures that are either 
digitally recorded or converted to digital images. The series 
of pictures are transformed into a video sequence that may 
be processed using the object extraction system 130. 

The object extraction system 130 Works With both gray 
scale or color images. For example, each image can be a 
tWo-dimensional array of HSV (hue-saturation-value), RGB 
(red-green-blue) or YUV pixel values representing color 
pixels. 

In some embodiments, the images are represented as a 
Microsoft WindoWsTM 24-bit BITMAP format. In this for 
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6 
mat, each pixel has three adjacent bytes for Blue, Green, and 
Red channels respectively. In some embodiments, each of 
the source images is W (i.e., Width) by H (i.e., height) pixels. 
For example, the dimensions may be 720x480 pixels or 
352x288 pixels. 

In some embodiments, as video camera 100 captures 
images, the video camera 100 transfers data directly to 
computer 120, Which has sufficient memory to hold the data. 
The computer 120 processes the data in real time to extract 
one or more objects, and, for example, transfers the data to 
storage, to a user monitor, or to television transmitters. 
The computer 120 may be a personal computer, Worksta 

tion, laptop computer, personal digital assistant, mainframe 
computer, or other processing device. Also, the computer 
120 may be a general purpose or a special purpose computer. 
For example, computer 120 may be a computer having a 
Pentium® chip, available from computer vendors such as 
International Business Machines Corporation, Inc., of 
Armonk, N.Y. or Apple Computer, Inc. of Cupertino, Calif. 
The computer 120 may include an operating system, such as 
Microsoft® WindoWs® 2000 from Microsoft Corp. of Red 
mond, Wash. 

Given ongoing advances in the data processing industry, 
it is conceivable that the storage and processing features 
illustrated in FIG. 1 may be incorporated on integrated 
circuits, microprocessors, and other electronics small 
enough to ?t Within a handheld video camera. Therefore, the 
object extraction system 130 may be incorporated into the 
video camera 100 as softWare, hardWare, or a combination 
of hardWare and softWare. Nevertheless, merely reducing the 
siZe or altering the location of elements of this invention 
does not depart from the spirit and scope of the invention. 

FIG. 2 is a How diagram that illustrates processing of a 
video sequence in some embodiments of the invention. In 
particular, block 200 represents the object extraction system 
130 receiving a video sequence. In some embodiments, one 
or more of the frames of the video sequence capture a static 
background, and these frames Will be referred to as static 
frames. One or more frames of the video sequence capture 
one or more objects moving in front of the static back 
ground, and these Will be referred to as non-static frames. 

Block 202 represents the object extraction system 130 
extracting one or more objects in the video sequence. In 
some embodiments, the object extraction system 130 iden 
ti?es moving objects in a video sequence as objects to be 
extracted. In other embodiments, the objects in the fore 
ground need not be moving. In particular, the object extrac 
tion system 130 identi?es a frame in the video sequence as 
a static frame. Then, the object extraction system compares 
each non-static frame to the selected static frame, pixel by 
pixel. Each pixel in the non-static frame that does not match 
its corresponding pixel in the static frame is designated as 
being in the foreground. FIGS. 3A and 3B illustrate a static 
frame 300 With a static background and a non-static frame 
310 that includes a foreground object (i.e., a person), respec 
tively. 
The extracted objects may be output to local data storage, 

remote data storage, to a user monitor, to television trans 
mitters, or to another device. The digital images of the 
extracted objects may be converted to analog images. Also, 
the extracted objects may be output to other softWare for 
additional processing. 

Block 204 represents the object extraction system 130 
creating a neW video sequence using one or more extracted 
objects. In particular, the object extraction system 130 
incorporates the extracted objects into a neW background 
and/or adds audio to create a neW video sequence. 



US 7,254,268 B2 
7 

FIGS. 4A and 4B are How diagrams that illustrate object 
extraction processing in some embodiments of the inven 
tion. FIG. 4A illustrates overall processing, While FIG. 4B 
illustrates classi?cation of a pixel in a non-static frame as 
being in the foreground or background based on multiple 
criteria. 

In some embodiments, the RGB color space is converted 
to one type of HSV color space, and each of the hue, 
saturation, and value components receives a value ranging 
from 0*255 for each pixel. For example, conversion of RGB 
color spaces to other color spaces is further described in. 

Next, multiple criteria are used to determine Whether a 
pixel in a frame is in the background or the foreground. For 
example, if a pixel in a non-static frame is signi?cantly 
different from its corresponding pixel in a static frame, then 
the pixel is classi?ed as being in the foreground. Looking at 
FIGS. 3A of a static frame and 3B of a non-static frame, 
pixel 302 and its corresponding pixel 312, they are likely to 
have similar values for their hue, saturation, and value 
components. Pixel 304 and its corresponding pixel 314 are 
likely to have very different values for their hue, saturation, 
and value components. Thus, the object extraction 130 
system Would label pixel 314 as being in the foreground. 
One technique for making this determination is the statistical 
model technique. 

In some cases, the hue and saturation components of a 
pixel may ?uctuate frame to frame, leading to inaccurate 
characterization of the pixel as being in the foreground or 
background. For example, a pixel in the background Whose 
hue and saturation varies in subsequent frames may be 
misclassi?ed. Thus, the object extraction system 130 also 
uses a type model technique to determine Whether the hue 
and/or saturation components of a pixel should be used or 
rejected When determining Whether the pixel is in the 
foreground or the background. 

Furthermore, frame to frame, shadoWs falling on the 
background by foreground objects may make a background 
pixel appear to be in the foreground. The object extraction 
system 130 takes this into account in determining Whether 
the pixel is truly in the foreground or background. LikeWise, 
light falling on the background may make a background 
pixel appeal to be in the foreground, and the object extrac 
tion system 130 takes this into account in determining 
Whether the pixel is truly in the foreground or background. 

Once the pixels in a frame are classi?ed as being in the 
background or foreground, the object extraction system 130 
applies a ?lter to the frame to reclassify some pixels. This 
?lter process ensures that the pixels are correctly classi?ed. 

Block 400 represents the object extraction system 130 
converting a video sequence in an RGB color space to an 
HSV color space. 

The use of an HSV color space is advantageous. The 
traditional RGB color space is used in most color cathode 
ray tube (CRT) monitors and color raster graphics. Though 
it is suitable for recording and transmitting color images, the 
RGB color space is actually not intuitive (i.e., not similar to 
the Way humans perceive color) because the discriminable 
color difference is non-linear (i.e., this is What humans 
perceive as being non-linear over RGB components). Other 
color spaces, such as HSV and HLS (hue-lightness-satura 
tion), more closely resemble the human vision system 
(HVS) and are convenient for color processing. There are 
several distinct advantages With these types of color spaces. 
For example, the component of brightness is irrelevant to 
chromatic information of images, so color spaces, such as 
the HSV color space, that do not rely on brightness are 
useful. Also, components of hue and saturation are intuitive, 
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8 
so it is useful to use color spaces based, at least in part, on 
hue and saturation. The term “intuitive” indicates that it is 
similar to the Way humans perceive color. 

FIGS. 5A, 5B, and 5C illustrate several color spaces that 
may be used With embodiments of the invention. FIG. 5A 
illustrates an HSV color space. In FIG. 5A, the primary 
colors (red, green, and blue), the secondary colors (cyan, 
yelloW, and magenta), black, and White are represented With 
a cone 500. FIG. 5B illustrates an HLS color space, in Which 

the primary colors, secondary colors, black, and White are 
represented With a diamond shape 510. HSV and HLS color 
spaces have natural and intuitive dimensions, but HLS is 
more intuitive from the vieW of saturation measurement. 
FIG. 5C illustrates a combination and variation of the HSV 
and HLS color spaces, Which is commonly also referred to 
as an HSV color space, but Which Will be referred to herein 
as an “HSV-cylinder” color space as it is represented With a 
cylinder 520. Appearing as a cylinder, the HSV-cylinder 
color space may be converted from an RGB color space very 
simply. Because of the simple conversion, the HSV-cylinder 
color space is used in some embodiments of the invention. 

In some embodiments, each hue, saturation, and value 
component in the HSV-cylinder color space is mapped to 
0*255 for convenience (i.e., because each color in the RGB 
color space maps to 0*255). Use of the HSV-cylinder color 
space is a tradeolf betWeen suf?cient processing of infor 
mation and speedup of performance. This is because con 
version from an RGB color space to an HSV-cylinder color 
space is faster, but not as similar to the Way humans perceive 
color as the HSV-cone color space. In particular, the object 
extraction system 130 sometimes disregards hue and/or 
saturation components as they may ?uctuate greatly betWeen 
frames. 

Block 402 represents the object extraction system 130 
identifying a static frame. In embodiment, the video 
sequence includes one or more frames that capture a static 

background scene, With the remaining frames capturing one 
or more foreground objects set against the background. In 
this embodiment, the object extraction system 130 may 
select the ?rst frame of the video sequence as the static 
frame, and the remaining frames may be treated as non-static 
frames. 

Block 404 represents the object extraction system 130 
selecting a next non-static frame. Block 406 represents the 
object extraction system 130 determining Whether all frames 
in the video sequence have been selected. If so, processing 
ends; otherWise, processing continues to block 408. 

Block 408 represents the object extraction system 130 
labeling each pixel in a non-static frame as being in the 
foreground or background using multiple criteria. Under 
various shadoW and illumination conditions, the object 
extraction system 130 uses multiple criteria to classify pixels 
as background or foreground. The How of making a decision 
is illustrated in the pseudocode in Table A. In the 
pseudocode, B and F denote background and foreground 
pixel sets, respectively. The change in the value component 
is represented by AVqVFuW, Where xw represents the value 
of the value component of the ith pixel and u,,; represents the 
mean value of the value component for the ith pixel. 
HIGHTHRESHOLD is a high threshold that is set, in some 
embodiments, to the empirical value of 75. That is, a pixel 
in a non-static frame may be classi?ed as being in the 
foreground (i.e., iEB) if the change in the value (V) com 
ponent is distinct enough. 
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TABLE A 

FOR each pixel I 
if lAVl > HIGHTHRESHOLD 

i e F 

ELSE IF Condition 1 is met, 
i e B 

ELSE 
IF Condition 2 is met, 

0‘v = avniumimuon 

(check the proper components of H,S,V according to type model) 
IF lxK;(t) — uKil < OLKO'K; for every usable 
component K, 
i e B 

ELSE i e F 

According to the pseudocode in Table A, if the change in 
the value (V) component is high, then a pixel is designated 
as being in the foreground (denoted F in the pseudocode). 
Otherwise, if the pixel is under shadow (i.e., Condition 1, 
which is represented by Equation (1)) is met, the pixel is 
designated as being in the background. On the other hand, if 
the pixel is under different illumination in the non-static 
frame than in the static frame (i.e., Condition 2 is met), the 
threshold for the value component is updated: 
(XVIGVIHHMMGn-OM, and the proper components of hue, satu 
ration and value are checked according to the type model. 
Also, if Condition 2 is met and the absolute value of the 
difference between the values of the components of the pixel 
at time (t) and the mean of the components of the pixel is less 
than a threshold for each usable component K (i.e., some 
components, such as hue and/ or saturation, may ?uctuate too 
much to be usable), the pixel is designated as being in the 
background. Otherwise, at this point, the pixel is designated 
as being in the foreground. In some embodiments, the values 
of thresholds (xv, as, and 0th (represented by otK, where KIH, 
S, or V) are set by a user via, for example, a user interface. 
Additionally, in some embodiments, the value of threshold 
otWZMmman-on may be set by a user. 

With reference to FIG. 4B, additional detail will be 
provided regarding classi?cation of a pixel as being in the 
foreground or background. Block 420 represents the object 
extraction system 130 determining whether the absolute 
value of the difference between the value component of the 
pixel and the mean value of the value component exceeds a 
?rst threshold. If so, processing continues to block 422, 
otherwise, processing continues to clock 424. In block 422, 
the object extraction system 130 classi?es the pixel as being 
in the foreground. 

In block 424, the object extraction system 130 determines 
whether the pixel is in shadow. If so, processing continues 
to block 426, and the object extraction system 130 classi?es 
the pixel as being in the background. Otherwise, processing 
continues to clock 428. 

In particular, a pixel that is in the background in one frame 
may appear to be different in a second frame because 
shadow is falling on the pixel. The object extraction system 
130 takes this into account and performs processing to 
determine whether a pixel should be classi?ed as back 
ground or foreground. 

In some embodiments, the object extraction system 130 
deals with shadows by adjusting a threshold (1K for a 
component K (where K may represent hue, saturation, or 
value of a pixel). The threshold is used in the psuedocode in 
Table A. 

Most traditional techniques assign otK a constant value 
over all pixels in a frame. However, it is common to have 
shadows or local illumination changes due to moving 
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10 
objects, and so the con?dence is fairly low (i.e., it is 
unlikely) for pixels under such conditions to be at a constant 
value. Thus, a constant otK may result in inaccurate classi 
?cations of pixels as being in the foreground or background. 

Using the HSV-cylinder color space, the object extraction 
system 130 detects shadows with an innovative technique. 
FIG. 6 illustrates a chart 600 that shows the characteristic of 

hue (H), saturation (S), and value (V) components over time 
for shadows 602 in some embodiments of the invention. 

Shadow 602 occurs with evident decrease on value (V), 
but there is negligible change on both hue and saturation. 
Humans tend to assign a constant color (i.e., “color con 
stancy”) to an object, even under changing illumination over 
time or space, thus this corresponds to the human visual 
system. For more information on color constancy, see A. C. 

Hurlbert, “The Computation of Color,” MIT Arti?cial Intel 
ligence Laboratory Technical Report 1154, pp. B208, which 
is entirely incorporated by reference herein. 
An ith pixel is part of shadow when it meets with 

Condition 1, which is represented by Equation (1). 

wherein the threshold ashadow is larger than the usual (xv. In 
Equation (1), all three elements are required to be true for 
Condition 1 to be true. In some embodiments, the value of 
the threshold 0t is set by a user via, for example, a user 
interface. 

shadow 

Block 428 represents the object extraction system 130 
determining whether the pixel in the non-static frame is 
under a different illumination than in the static frame. A 
pixel that is in the background in one frame may appear to 
be different in a second frame because light is falling on the 
pixel. The object extraction system 130 takes this into 
account and performs processing to determine whether a 
pixel should be classi?ed as background or foreground even 
with illumination. In particular, the object extraction system 
deals with global illumination changes by updating a thresh 
old (Xv to a larger value. 

Global illumination detection takes into account the seg 
mentation result of the last frame. With Equation (2), a pixel 
in a non-static frame M(i) is set to 1 if the absolute value of 
the difference between the value component of the pixel and 
the mean of the value component exceeds a standard devia 

tion for the value component ow, otherwise, it is set to 0. 
That is, the pixel in the non-static frame is set to 1 if it is in 
the background, and the pixel is set to 0 if it is in the 
foreground. 

The subtracted background pixels in set B:{x,-|x,- is back 
ground} are compared with corresponding mean for the 
value (V) component uw. Pixels in the static frame are set to 

0, otherwise 
















